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"--^ (57) Abstract: A system and method for allocating a time slot to support data transmission between the co-located 802.11a/e and 
J5 HIPERLAN/2 systems in a wireless local area network (WLAN) are provided. To comply with the H2 standard requirement of 

periodic transmission of the frame at every 2msec, the access point (AP) performs the QoS CF-Poll function to allow the transmission 
Q of the H2 MAC frames to occur at n * 2msec interval in the CCHC superframe, where the value of n depends on the HIPERLAN/2 
^ MAC frame schedule of the AR In particular, the AP polls itself to make other stations silent using the (JoS CF-Poll function, then 

allocates a predetermined time period at each station to initiate H2 frame exchanges. 
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The present invention relates to a mechanism to share the bandwidth between 
two different systems in a time-sharing mamier. More particularly, the present invention 
relates to a medium access protocol (MAC) arrangement that employs the 802.1 le Hybnd 
Coordination Function (HCF) to share the bandwidth between 802.1 la/e and HIPERLAN/2 

(H/2) systems. . 

The wireless local area network (WLAN) is a fast-growing market designed to 

provide the flexibility of wireless access into the office, home, production, or public 
enviromnent. This unprecedented growth is fueled by the popularity of portable end-user 
devices and advances in wireless data communications. 

Basically, there are two variants of WLAN: infrastructure-based and ad hoc. In 
the infrastructure-based wireless network, communication typically takes place only between 
the wireless nodes and the access point (AP). not directly between the wireless nodes. The 
wireless nodes, caUed stations (STA), can exchange data viathe AP. The set of stations and 
the AP which are within the same radio coverage, is known as a basic service set (BSS). The 
main functions of the AP are to support roaming (i.e.. changing access points), synchromze 
within a BSS, support power management, and control the medium access to support tmie- 
bounded service within a BSS. Several BSSs (or APs) are intercomiected via a system called 
the distribution system (DS) to form a single network to extend the wireless coverage area. In 
the ad hoc network, each node can communicate with another node if they are within each 
20 other's radio range or if other nodes can forward the message. 

In contrast to the wireline technologies, the WLAN is typicaUy restricted m its 
diameter to buildings, a campus, a single room. etc.. and has much a lower bandwidth due to 
limitations in radio transmission (i.e.. typically 1-1 1 Mbit/s). Thus, it is highly desirable to 
utilize the wireless link bandwidth efficiently in the WLAN. to wireless-based networks, 
25 collision detection can be performed with relative ease. However, it is more difficult to detect 
collision in a vsrireless-based network, which uses a single chamiel. Thus, the WLAN 
typically employs a colUsion avoidance scheme instead of collision detection. 

The WLANs can be configured based on a medium access control (MAC) 
protocol using a CSMA/CA (carrier sense multiple access with collision avoidance) as 
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described in the IEEE 802.1 1 standard. The IEEE 802.1 1 standard is defined in the 
International Standard ISO/IEC 8802-1 1, "Information Technology-Telecommunications 
and information exchange area networks," 1999 Edition, which is hereby incorporated by 
reference in its entirety. IEEE 802.1 la is an extension to the IEEE 802.1 1 physical layer 
(PHY) to support 6-54 Mbit/s transmission rates at 5 GHz frequency bands. In Europe, the 
HIPERLAN 2 (H2) standard, which is set forth by the European Telecommunications 
Standards Institute (ETSI), specifies the MAC and physical characteristics for the WLAN to 
support physical layer units at 5 GHz frequency bands. 

When both the IEEE 802.1 1 and the H2 compliant systems coexist in the same 
frequency channel, they work as co-channel interferers to each other by degrading the 
network performance severely. As such, a centralized controller is needed to render the time- 
sharing of the bandwidth between the systems. Accordingly, the present invention provides a 
mechanism to control the signal transmission over the co-located 802.1 la/e (where 802.1 le is 
an extension of the MAC to support QoS) and H2 networks by sharing the bandwidth in a 
tune-sharing manner, without sacrificing the QoS support of both systems and wasting much 
bandwidth during the interworking. 

The present invention is directed to a system and method of allocating a time 
slot to support data transmission between the co-located 802.1 la/e and H2 systems in a 
wireless local area network (WLAN). 

■ According to an aspect of the invention, the method of sharing the bandwidth 

over a wireless channel between a plurality of first stations and a plurality of second stations 
in a wireless local area network (WLAN) having an access point (AP) includes the steps of: 
periodically transmitting, by the AP, a control frame comprising data indicative of a 
predetermined time interval during which each of the first stations can occupy the wireless 
chaimel for the data transmissions onto the wireless channel; determining, by the AP, 
whether the predetermined time interval specified in the control frame is longer than an 
interval of time following receipt of a last fiame from one of the first stations and before a 
scheduled start of a set of next frames from the second stations; if so, waiting, by the AP, for 
point interframe spacing interval (PIFS) after which the next frames from the second stations 
are permitted to transmit to the AP over the wireless channel; inhibiting transmission from 
the plurality of first stations to the AP; and, permitting the plurality of second stations to 
transmit a data packet to the AP over the wireless channel, wherein the data packet includmg 
a shorter duration than the predetermined time period specified in the control signal. If Ihe 
predetermined time interval specified in the control frame is less than the interval of time 
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before «,e scheduled «ar. of *e next ftame, ttansmitting, by .he AP. a data packet to the 
plurfity of firs, and «co.ui stations over the wireless chapel, .he dam packe, includmg a 
shorter duration than the predetermined time period specified in *e con«>l signal, or 
p«mi.ttng the pluraUty of firs, stations «, transml. a da.a packe. .o *e AP over tire wtxeless 
channel, to data packet including a shorter duration ftan fte predetermined nmc penod 
specified in *e control signal. TTte meOrod further include the steps of: detennining whether 
the wireless channel be«ee„ d.. AP and tire plurality of firs, and second smflons is available; 
if so. irtubi.ing ^ssion ftom ,he plurality of .he firs. s.ations to the AP; «a.^m„g. 
from U>e AP .0 ti.e plurali.y of first stations, a high priority signal indicative of a du»uon that 
the plurality of second sutions is allowed to occupy the wireless channel; and. permrtti.* 
plurality of second stations «> .ransmi. a da« packet «. the AP over tire wireless channel. *e 
data packet including a shorter duration ftan ti>e predetermmed time period specified m ti« 
control signal. Tb. plurality of firs. s.ations can ttansmi. data fi^es without permis=aon 
ftom the AP and Ure plurality of second stations can transmit data fi^es when penn..ted by 

theAP. . „ • .V 

According to another aspect of invention, die method of shanng tire 

bandwidth over a wireless channel b«ween a plmaUty of firs, scions and a pluraliv of 
second steflons to . wireless local area network (WLAN) having an access pom. (AP) 
tocludes *e steps of: tnmsnitting a conttol fi^ havtog a conumtion fi« penod (CFP) 
n.ode and a cont«.tion period (CP) mode, the con«ol ftame includmg data indicative of a 
predetermmed time interval ftat each ofthe first stations has to complete datatransmrssron 

onto d.e wireless channel; detertnimng whether the wireless channel h«we«r the AP and the 
plurality of first and second stations is avaUable; if 4. wireless channel is available dmmg 
LcP mode, polling a.*e AP «. inhibit transmission of tite plurality of first stations over 
the wireless channel; and. permitting die plurali.y of second s.ations to transmit a data packet 
to the AP over die wireless chamrel, the data packet mcludmg a shorter duration than *e 
predetermined time p«iod specified in tite contiol signal. TTre step of permitting the pluralrty 
of second stations .o ttansmit a dau packet to ti,e AP over a.e wireless channel firfrer 
comprises ^ steps of: detemuntog. by the AP. whed,cr d,e predetermined time interval 
, specified tati« control ftame is longer than an imervaloftimefollowmg receipt of a las. 

fi.n„ ftom one of fl« first stations and before a scheduled start of a set of next ftames ftom 
at least one of the s«=ond stations; if so. determimng a range of time [t,. tj .o conttol tire 
wireless channel by the AP: and. conttoUing d» wireless channel widun the time range to 
permit d.e plurality of second stations to transmit a data packet, wherem d« range of time .s 
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determined according to the following equation: [ti, t2] = [-1 * (TXOPJLimit + QoS CF- 
Poll frame duration + SIFS),-1 * QoS CF-Poll frame duration + SIFS), wherein 
TXOPJLimit represents the predetermined time period that the plurality of first stations can 
transmit data frames after the wireless channel is determined to be available, QoS CF- 
Poll frame duration represents the duration of a QoS CF-PoU fi^e used to instruct the AP to 
inhibit transmission from the plurality of first stations, and SIFS represents the duration of a 
Short Interframe Space interval. If the wireless channel is imavailable, permitting the 
plurality of second stations to transmit a data packet to the AP over the wireless charmel 
immediately when the wireless channel becomes available. If the predetermined tune mterval 
specified in the control firame is less than the interval of time before the scheduled start of the 
next frame, transmitting, by the AP, a data packet to the plurality of first and second stations 
over the wireless channel, the data packet including a shorter duration than the predetermined 
time period specified in the control signal, or permitting the plurality of first stations to 
transmit a data packet to the AP over the wireless channel, the data packet including a shorter 
duration than the predetermined time period specified in the control signal. If the wireless 
channel is available during the CFP mode, the method fiirther comprises the steps of: 
transmitting, from the AP to the plurality of first and second stations, a high priority signal 
indicative of a duration that the plurality of first and second stations is allowed to occupy the 
wireless channel; and, permitting the plurality of second stations to transmit a data packet to 
the AP over the wireless channel, the data packet includuig a shorter duration than the 
predetermined time period specified in the control signal. 

According to a fiirther aspect of the invention, a local area network system for 
receiving and transmitting data over a wireless channel between a plurality of first stations 
and a plurality of second stations in a wireless local area network (WLAN) having an access 
point (AP), comprising: a receiver means for receiving data on the wdreless channel; a 
transmitter means for transmitting data on the wireless channel; a CCHC circuit configured to 
allocate a predetermined time interval for each of the first and second stations to initiate data 
transmission onto the wireless chaxmel; and, a signal processing circuit coupled to the CCHC 
to transmit and receive signals to and from the plurality of first and second stations, the signal 
processing circuit processes signals received therein to permit the plurality of second stations 
to transmit a data packet to the AP over the wireless channel, the data packet including a 
shorter duration than the predetermined time period specified in the control signal. The 
CCHC fiirther operates to inhibit transmission from the plurality of first and the second 
stations when permitting the plurality of second stations to transmit a data packet. The CCHC 
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further operates to transmit a data packet to the plurality of first and second stations over the 
Wless channel if the predetennined time interval is less than the time left before a 
scheduled start of a next frame by the plurality of second stations. The CCHC further 
operates to permit transmission of the plurality of first second stations to transmit a data 
packet having a shorter duration than the predetermined time interval over the wnreless 
channel if the predetermined time interval is less than the time left before a scheduled start of 
a next frame by the pluraUty of second stations. 

The foregoing and other features and advantages of the invention wUl be 
apparent from the following, more detailed description of preferred embodiments as 
illustrated in the accompanying drav^ngs in which reference characters refer to the same 
parts throughout the various views. 



Fig. 1 is a simplified block diagram illustrating the architecture of a wireless 
communication system whereto embodiments of the present invention are to be applied; 

Fig. 2 illustrates a simplified block diagram of an access point (AP) and each 
station (STA) within a particular basic service set (BSS) according to an embodiment of the 
present invention; 

Fig. 3 shows the structure of a superfirame in accordance with the present 

invention; 

Fig. 4 shows a detailed stmcture of the superframc representmg a contention 
free period (CFP) in accordance with the present invention; 

Fig. 5 shows a detailed strocture of the superframe representing a contention 
period (CP) in accordance with the present invention; 

Fig. 6 is a detailed structure of the superfirame representing a contention period 
(CP) according to another embodiment of the present invention; 

Fig. 7 is a detailed structure of the superframe representing a contention period 
(CP) according to a fiirther embodiment of the present invention; and. 

Fig. 8 is a flow chart illustrating the operation steps according to an 
) mbodimentofthe present invention. 

In the foUowing description, for purposes of explanation rather than limitation, 
specific details are set forth such as the particular architecture, interfeces. techniques, etc.. in 
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order to provide a thorough understanding of the present invention. For purposes of 
simplicity and clarity, detailed descriptions of well-known devices, circuits, and methods are 
omitted so as not to obscure the description of the present invention with unnecessary detail. 
To help understand the invention, the following definitions are used: 
A "Distributed Coordination fimction (DCF)" is a class of coordination 
functions where the same coordination function logic is active in every station in the BSS 
whenever the network is in operation, 

A "Point coordination function (PCF)" is a class of possible coordination 
functions where the coordination function logic is active in only one station in a BSS at any 
given lime that the network is in operation. 

A "Contention Free Period (CFP)" is a time period during which frame 
exchanges occur without intra-BSS contention. 

A "Contention Period (CP)" is a time period during the operation of a BSS 
when a DCF or HCF is active, and the right to transmit is determined locally using a carrier 
sense multiple access algorithm with collision avoidance (CSMA/CA). 

A "Hybrid Coordination Function (HCF)" is a coordination function that 
combines aspects of the DCF and the PCF to provide the selective handling of the medium 
access control (MAC) service data units (MSDUs) required for the QoS facility, and allows 
stations to use a uniform set of frame exchange sequences during both the CFP and the CP. 

An "Interworking" refers to a conmiunication between HiperLAN/2 (H2) and 
IEEE 802.1 la terminals in an integrated protocol where a centrally coordinating device is 
capable of operating in the 802.1 1 and H2 modes^ i.e., by switching between two modes over 
time. 

A "Transmission Opportunity (TXOP)" is an interval of time when a particular 
station has the right to initiate transmissions onto the wireless medium. A TXOP is defined 
by a starting time and a maximum duration. 

A "Point Coordination Fimction (PCF) Interframe Space (PIFS)" is a priority 
level for accessing the wireless medivun or a waiting time prior to any frame transmission. 

A "H2 MAC frame" is a plurality of transmissions of H2 STAs and composed 
of (1) control broadcast by the AP; (2) data transmissions by the AP; and, (3) data 
transmission from the STAs. Each H2 MAC frame is 2msec long and starts with a beacon 
transmission from the AP, where beacons are transmitted every 2 msec periodically. Each H2 
STA can transmit data per its AP's permission during a specific time, which is determined by 
the AP and announced during control broadcast phase within a H2 MAC frame. 
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Now. a description «ill be made in detaU »ilh regard to tins invention with ' 

reference to tlK drawings. 

Fig 1 illustrates a representative network whereto the embodmrents of the 
p„sent invention are to be applied. As shown in Fig. 1 . an access point (AP) 2 is coupled . a 
plurality of mobile stations (STA,). which, through a wireless link, are -n-~ w* 
each other and to the AP 2 via a plurality of wireless channels. As shown m E.g. 1. the AP 2 
has control over S02.na/e 4 and 6. and H2 S systems that are co-located withn. the ^e 
BSS in order to share the bandwidth in a time-shared numner. To this end. a hybnd H2 
centralized controller (CC) and a 802. 1 la/e hybrid coordinator (HQ (hereafter referred U, as 
•■CCHC"). which has both the 802. 1 la/e MAC/PHY and tire H2 MAOTHY unplemented 
d^in.isprovidedintheAP2.orenderthe«me.sharingofthebandwidthbetweenthe 

g<« na/e and fl« H2 devices. Tlte CCHC conununica.es witi, all the 802. 1 1 s/e statrons and 
a,e H2 mobile termii-als located widnn the same BSS on a contmuing basis to prov.de 
c^unicationoverthe wireless channel, h, »idiUon. an 802.ne ^<'— 
Function (flCn v»hich aUows a polling mechanism in both the CFP and the CP u^der the 
proposed 802.1 le standard, ma, be implemented in d« AP 2 to allocate perrodrcalb- or 
exclusively the H« MAC ftames into the CCHC superftame (explained la^). AMr-ugh a 
.imited number of STAsisshown in Fig. . for iUustradve purposes, it is to be underwood that 
*eAP2can support concurrent communicaticnsb^weenamuch larger nutnberofST^^ 

T„us. the number of STAs in the drawing should no. impose limitations on the scope of Ae 
invention. ^^^^^^^i^pHfl^Wock diagram of a WLAN according to a preferred 

embodiment of the present invention. Tire exemplary embodiment of Hg. 2 is for descriptive 
p^poses only, thus other types of local area networks that employ a serv„ 
5 forwarding messages ba* and forfl. to netivork stirtions may be employed. ^ AP 2 may be 
oomreced*. other devices a^i/or networks within which ne«»rkstationsmfl« local area 

ne««.rk may communicate. As shown in Fig. 2. each station includes an a„.«ma .0 
configured to transmit and receive datit signals over a communications cham«l. The AP 
includes a d^nodulator 12. a signal processor 14 for processing d.e signals revived v,a an 
30 antemta 10. a modulator ,6. a memory 18. and a CCHC circuit 20. The signal processor H 
aiso processes tire signals that are intended for transmission by ti,e AP 2 v,a^.m,a ,0. The 
inpu. por. of the si^ P^ccssor .4 is configured to receive a CCHC signal fiom an ou^u. 
pit of the CCHC circuit 20. TT« CCHC circm. 20 is coupled to an mputpon of memory .8 

that is configured W store the values of the CCHC parameters. 
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According to the embodiment of the present invention, the AP 2 further 
includes a Hybrid Coordination Function (HCF) in order to allocate periodically or 
exclusively HIPERLAN/2 MAC frames into a CCHC superframe using Contention-Free 
Scheduling (CF-Scheduling) or Polling (CF-PoUing). 

Fig. 3 illustrates the operation process of the Hybrid Coordination Function 
(HCF) in accordance with the present invention to allocate the H2 MAC frames into the 
CCHC superframe. As shown in Fig. 3, the AP 2 starts a CCHC superframe by transmitting a 
beacon frame to control the access to the wireless medivim. This CCHC superframe, 
composed of a contention-free period (CFP) and a contention-period (CP), is repeated 
periodically by the AP 2 at a regular interval. During a CCHC superframe, there are multiple 
instances of "Transmission Opportunity (TXOP)," which represents the interval of tune when 
a particular station, either the 802.1 la/e or the H2, has the right to initiate transmissions onto 
the wireless medium. Hence, the TXOP is defined by a starting time and a maximum 
duration. Each H2 MAC frame of 2msec duration is basically composed of (1) broadcast 
control transmission from the CCHC, (2) downlink (i.e., from CCHC to H2 STA) data 
transmission from the CCHC, and (3) uplink (i.e., from H2 STA to CCHC) data transmission 
from the H2 STAs. Each H2 MAC frame starts with the transmission of a H2 beacon, 
referred to as BCH in Fig. 3. 

With continued reference to Fig. 3, the CP must be available after each CFP 
repetition interval with a specific minimum length in order to allow the exchange of at least 
one data frame. During the CFP, the control over the wireless channel is totally under the 
CCHC as the DCF operation of the STAs is in hold during this period. The TXOP is granted 
to a STA by the CCHC via a QoS CF-PoU frame, where the starting time and maximum 
dviration of each TXOP is specified by HCF through the QoS CF-PoU frame header. After 
receiving the QoS CF-PoU signal, decisions regarding what to transmit are made locally by 
the MAC entity within the limits of each TXOP at the respective station. During the CP, the 
DCF operation is enabled, and each TXOP of a STA begins either when the medium is 
determined to be available by the STA under the DCF mles (referred to as DCF TXOP) or 
when the STA receives a QoS CF-PoU from the HCF (referred to as granted TXOP). The 
duration of a DCF TXOP is limited by a TXOP limit distributed in beacon frames, while the 
duration of a granted TXOP is specified in the QoS CF-Poll fi^e header as it is the case 
vdth the TXOP granted in the CFP. The key feature of rendering the sharing of the bandwidth 
lies in the ability of the HCF to selectively allocate TXOPs m both the CFP and the CP to 
allow the periodically scheduled H2 MAC frames into the CCHC superframe. That is, as the 
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H2 aandard defines the periodic wnsmission of beacons (i.e.. Broadcast Chaone. or BCH 
^rding «> H2 standard tenns) every 2^ec, the H2 MAC ftames have to be periodrcally 
allocated «ith a period of » • 2n.ec. where value of „ can vary over time dependmg on 
the schedule of the H2 MAC franrc transmissions. When .he H2 MAC frame is no. alloca«d. 
5 whichcanhappenifthevalueof^islargerthan l,.heH2 STAs will no. receive the BCH. 
and will assume that the channel error happened, and hence the nomialH2 operation can not 

be affected. Tl«refere, the HCF (a fimction of AP 2 MAC) must provide an access scheme 
over the v«reless channel to enable dau transmission in both d« CFP and the CP modes such 
that .he window of TXOP coincides wifli flie H2 MAC ftame interval. 
0 Now, the provision of an aUocated time slot to support data transmission 

between the co-located g02. lla/e 4 and 6, and H2 8 systems according to *e present 
invention will be explained in detaUed description. 

Referring to Fig. 4, during the CFP. *e control over the wireless channel is 
totally under fte CCHC as .he DCF opemtion of the STAs is in hold during dns period, niat 
15 ■ is the CCHC can alloca« H2 MAC frames according to its schedule whenever it wan*. To 
comply with the H2 standard requiremen. of the periodic allocation of the frame atevery 
2msec the HCF initiates the H2 MAC frames by sending a BCH at „ • 2n.ec interval 
acconLg to its H2 MAC aUocation schedule in ftc CCHC superframe. Alternatively, when 
the H2 MAC frame is no. scheduled during CFP, the CCHC can pertom. the ne^vortang 
20 operationforthe 802.11 STAs by ttansmitting downlink (i.e.. from CCHC tt. 802.11 STA) 
ftames as v«U as QoSCF-PoU frames. 

In contrast, the control over Ae wireless channel is not fimy under the CCHC 
during the CP. However, the CCHC can grab the control^ver the wireless channel by 
r^nsmitting a downlink frame or a QoS CF-PoU frame after a PIFS long idle period of the 
channel. This gives a high priority to the CCHC over oAer STAs operating under DCF, 
which requires at least DIPS (longer than PIFS) idle period to transmit a frame. 

Referring to Fig 5., during the CP, each TXOP begins either when the medium 
is determined to be available under the DCF mles (referred «. as DCF TXOP). i.e.. aft« the 
DIFS plus are back-off time, or when the sution receives a QoS CF-PoU from the HCF as 
30 described above (referred to as granted TXOP). The duration of a DCF TXOP is limHed by a 
-TXOP limit" detemuned by die CCHC and am,ounced via beacon frames penodically, 
«hile ti« duration of a granted TXOP is specified in the QoS CF-Poll frame header. During 
Ae granted TXOP, aU the STAs odier than the polled STA disable the DCF operation so 
the duration of the gnmted TXOP can be contention-free. As the H2 MAC frames must to be 
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allocated at « * 2msec interval, the HCF must access the channel dtiring the CP within a 
specified range of time (which is indicated as the "left time" in Fig. 5 for simplicity), so that 
the allocation of the H2 MAC frame can occur at n ♦ 2msec interval, where the value of n is 
determined by the schedule of the CCHC. To achieve this, the CCHC uses its high priority 
and transmits the QoS CF-PoU frame addressed to itself in advance to suppress all the 
stations within the BSS silent during the period it wants to transmit the H2 MAC frames. 
Stated otherwise, if the next H2 MAC frame that needs to be allocated must occur at time / = 
0, then the QoS CF-PoU sent by the CCHC to itself for the H2 MAC frame transmission 
following a PIFS must occur prior to / = 0. As such, after the last TXOP, the CCHC waits for 
the duration of the PIFS and then transmits the QoS CF-PoU signal to other stations to allow 
the transmission of the next H2 MAC frame after / = 0. It should be noted that there should 
be at least the Short Interframe Space (SIFS) time gap between the QoS CF-PoU frame and 
the BCH of the following H2 MAC frame. 

In order to ensure the initiation of the H2 MAC frames as scheduled, the 
CCHC needs to access the channel before the H2 MAC frame scheduled time. Thus, if the 
CCHC likes to initiate an H2 MAC frame at t=0, the CCHC should access the channel within 
the time frame of[-J * (TXOP_Limit + QoS CF-Poll frame duration + SIFS). -1 * (QoS CF- 
Poll frame duration + SIFS)]. If the channel is idle at / = -l*(TXOP_Limit + QoS CF- 
Poll frame duration + SIFS), then the CCHC should grab the channel at that moment. 
Otherwise the CCHC will need to access the channel as soon as the wireless medium 
becomes idle. 

In the embodiment of the presoit invention, accessing the channel to enable a 
subsequent allocation of the H2 MAC frame as described above is desirable if the TXOP 
limit specified by the HCF is longer than the duration of the "left time" before a scheduled 
start of the next H2 MAC frame. Thus, the "left time" represents an interval of time following 
receipt of the last frame from the stations and before a scheduled start of the next H2 frame. 
However, if the "left time" is longer than the TXOP limit, a waste of bandwidth occurs as the 
CCHC must wait longer to transmit the QoS CF-Poll during which the bandwidth is not used. 
To address this problem, the present invention fiirther provides a mechanism to efficiently 
utilize the bandwidth as described ho-einbelow with reference to Figs. 6 and 7. 

Referring to Fig. 6, if the "left time" is longer than the TXOP limit, the AP 2 
can transmit some downlink (i.e., fh>m CCHC to 802.1 1 STA) fiames to other stations. That 
is, if the HCF has a frame (labeled as "A" in Fig. 6) with a duration that does not exceed the 
left time or the time left till the next scheduled H2 MAC frame, the AP 2 can send that frame 
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.A., before *e scheduled H2 fta^e «^o. TWter. *e CCHC wai. f^*e 
duration of *e PIFS and *e« «u>smi« QoS CF-Po,. to a«oca« U« scheduled H2 MAC 

M.=ma,ive.y. the AP 2 can gran, a shorter TXOV to other sutions, such that a 

ftame Oabeled as "B" in Fig. 7) can be transmitted by omer stations to the AP 2 befo« the 
re.lsta«ofthenex.H2MACf^s,assho™inFig.7.theauraaonoftheB,a.^^ 

Tb- should not exceed the .eft ti.e. Mer, the CCHC waits for the durafon of the PIPS 

and then Oansmits the QoS CF-PoU to start the next H2 MAC ftame. 

Accordingly.if there is enough time andrelevantftanrestotransnute.*^ 

frame as described above, the CCHC can do so while securing the transmis^on of a QoS CF- 
P„„addressed.oitse,fat,<-.Vfi--..o«,..™e..™".^^^ 

,«„isnot,elevan.due«..hesiU-on-i.e, there is not enough tuneor me CCHC^J^ 
baveanydov^link^anH^noranyQcS CF-POU scheduled-the CCHC can sen^^^ 

Poll addressed to itself inuuediately. and wait for the start of the next ^^'^^ '^^^ 
,3me(s,lnsuchanevent.the,naxi.num.eng*of.hein.«valbetw^ 

the next scheduled m MAC frame is TXOP limit . SIPS. Ute durahon of the ^"'^ 
I .he QOS CF-Pon Should be at leas, the sum of (1) the re„»ining time unhl dte s.art.me 
It scheduled H2MACfta.ne(s)and(2)„.2»»...wherenisthe.umberofd» scheduled 

H2MACftames^ 8 a flow chart illustrating d»op«a«on of a software embodhnen, of the 
AP 2 that describes *e operation steps discussed to conjunction with Figs. 5 through 7 to 
^rdance with the techniques of the present invention TOs flow chart is generally 

..J- „,..w,ll The flow chart does not depict flie syntax of 
appBcable to a hardware embodiment as well The now cnari f 

ryparticularprogram.ntogla«guage.Rad.er.ti,eflowdUgran.iltos.ratethefu^^^ 

S ILiontiI.apersonof.rdto^s«l.tod.eartneeds.ofabricatecircuitsortogene,=«ea 

comnntersoftwareto perform theproeessingrequired of the particular apparatus. 

step 1 00. prior .0 accesstog the channel to toitiate the H2 MAC ftames as 
scheduled, the CCHC of ti» AP 2 det«mines the "left time" indicating ti.e duration t,U *e 
next scheduled H2 fiame transmission. If the durationof the "left time" is shorter d«m*e 
,0 TXOPltotittha.isspecifiedto.heCCHCsuperfeanetos.ep .20.ormo,e^cura.dy.fti.e 

lefttta,eiswiflmfl«timefh«neof[rt^re»SCF-Po«>»me*<rari<>« + S/ra;, 
letttmieisw.u X cnr<n7 the CCHC waits for the duration of 

1 PffS channel idle time a»i then transmits die QoS CF-PoU fiame to nself m step 140. » 
thePIFSchamte „,^.cfiames lfthedurationofthe"lefltime"islonger«ian 

allow ttie transmission of tiie H2 MAC ftames. u ine aui 
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the TXOP limit in step 120, or more accurately if the left time is over 
(TXOPJLimit + QoS CF-Poll frame duration + SIFS), and the CCHC has some downlink 
frames, which can finish before the scheduled start of the next H2 MAC frame, the CCHC 
transmits the downlink frames to other 802.1 1 stations in step 160. Alternatively, the CCHC 
may grant a short TXOP to other 802. 1 1 stations to send a frame before the scheduled start of 
the next H2 MAC frames. 

As is apparent from the foregoing, the present invention has an advantage in 
that a hybrid of the 802.1 le H2 controller (CCHC), which has both the 802.1 la/e and the H2 
MAC/PHY implementation, allows resource sharing between the 802.1 la/e and the H2 
without compromise of the QoS supported by each system. In an alternative embodiment, 
two APs for each of the 802.1 le and the H/2 networks may be provided to control the 
802.1 le and H/2 systems, respectively. In this instance, the two APs may conmiunicate with 
each other to share the resources based on the preset policy between the 802.1 1 and H2 
networks. The H2 CC will need to understand the 802.11a PHY, as well as the 802.1 le 
beacon, and CF-poU functions. Similarly, the 802.1 1 HC will need to adjust the CF-PoU for 
the H2 to meet the QoS requirement of the H2 systems. Then, a negotiation/communication 
between two control entities may be performed to implement in accordance with the 
techniques of the present invention. 

While the preferred embodiments of the present invention have been 
illustrated and described, it will be imderstood by those skilled in the art that various changes 
and modifications may be made, and equivalents may be substituted for elements thereof 
without departing from the true scope of the present invention. In addition, many 
modifications may be made to adapt to a particular situation and the teaching of the present 
invention without departing from the central scope. Therefore, it is intended that the present 
invention not be limited to the particular embodiment disclosed as the best mode 
contemplated for carrying out the present invention, but that the present invention include all 
embodiments falling within the scope of the appended claims. 
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CLAIMS: 



1 A method for sharing the bandwidth over a wireless chamiel between a 

plurality of first stations and a plurality of second stations in a wireless local area network 
(WLAN) having an access point (AP) (2), the method comprising the steps of: 

periodically transmitting, by said AP (2), a control fi-ame compns.ng data 
5 i„dicafiveofapredeterminedtimeintervaldunngwhicheachofsaidfirststatior.can 

occupy the wireless channel for the data transmissions onto said v^reless channel; 

determining, by said AP (2), whether said predetermined time mterval 

specified in said control frame is longer than an interval of time following receiptof a la^ 
Le from oneofsaid first stations and beforeascheduled start ofaset of next frames from 

10 at least one of said second stations; ^>TT:<5^ «fter 

if so waiting, by said AP (2), for pomt interframe spacmg mterval (PIFS) after 
which said next frames from said second stations are permitted to fransmit to said AP over 

said wireless channel; and. At>o\ 
inhibiting transmission from said plurality of first stations to said AP (2). 



15 



20 



2 -me method of claim 1. further comprising the step of permitting said plurality 

ofsecondstationstotransmitadatapackettosaidAP(2)oversaidwirelesschann^^^^^^ 

datapacketincludingashorterdurationthansaidpredeterminedtime^^^^ 
control signal. 

3 The meflKxl of claim 1, therein, if said p«d<=t«mined time mt«valspecifl«i 

i„ conttol tame is less ftan said interval of time before *e scheduled sar. of sard ne« 
ftame.«a„smi«ing, by said AP (2). a dau packet «, said plurality of firs. a™ise^ds««.ons 
over said vrireless charmel. said data packet including a shorter duration than satd 
25 predetermined time period specified in said control signal. 

4 The method of claim 1. wherein, ifsaid predetermined time intervd specified 

in «id control tane is less than said inte^al of time before the scheduled star, of ssdd 
ftame, pemntting said pluraUty of f»s. stations to transmit a data packet U> saKl AP (2) over 
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said wireless channel, said data packet including a shorter duration than said predetermined 
time period specified in said control signal. 

5. The method of claim 1 , further comprising the steps of: 
deteraiining whether said wireless channel between said AP (2) and said 

plurality of first and second stations is available; 

if so, inhibiting transmission firom the plurality of said first stations to said AP 

(2); 

transmitting, from said AP (2) to said plurality of first stations, a high priority 
signal indicative of a duration that said plurality of second stations is allowed to occupy said 
wireless channel; and, 

permitting said plurality of second stations to transmit a data packet to said AP 
(2) over said wireless channel, said data packet including a shorter duration than said 
predetermined time period specified in said control signal. 

6. The method of claim 1, wherein said plurality of first stations includes 802. 1 1 
compliant systems. 

7. The method of claim 1 , wherein said plurality of second stations includes 
HIPERLAN/2 compliant systems. 

8. The method of claim 1 , wherein said plurality of first stations can transmit 
data frames without permission from said AP (2) and said plurality of second stations can 
transmit data frames when permitted by said AP (2). 

9. A method for sharing the bandwidth over a wireless charmel between a 
plurality of first stations and a plurality of second stations in a wireless local area network 
(WLAN) having an access point (AP) (2), the method comprising the steps of: 

transmitting a control frame having a contention free period (CFP) mode and a 
contention period (CP) mode, said control frame including data indicative of a predetermined 
time interval that each of said first stations has to complete data transmission onto said 
wireless channel; 

determining whether said wireless channel between said AP (2) and said 
plurality of first and second stations is available; 
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if said Wireless channel is available during said CP mode, polling at said AP 
(2) to inhibit transmission of said plurality of first stations over said vdreless channel; and, 

permitting said plurality of second stations to transmit a data packet to said AP 
(2) over said wireless channel, said data packet including a shorter duration than said 
5 predetermined time period specified in said control signal. 

10 The method of claim 9. wherein the step of permitting said plurality of second 

stations to transmit a data packet to said AP (2) over said wireless chamiel further comprises 
the steps of: 

10 determming, by said AP (2), whether said predetermined time interval 

specified in said control frame is longer than an interval of time following receipt of a last 
frame from one of said first stations and before a scheduled start of a set of next frames from 

at least one of said second stations; 

if so, determimng a range of time [t,, tj to control said wireless chamiel by 

15 saidAP (2); and, . 

controlling said wireless channel within said time range to penmt said 

plurality of second stations to transmit a data packet. 

11. The method of claun 10, wherein said range of time is determined according 

20 to the following equation. 

[ti, t2] = [-1 * (TXOP_Limit + QoS CF-Poll frame duration + SIFS), 

-1 * QoS CF-Poll frame duration + SIFS), 

wherem TXOP_Limit represents said predetermined time period that said 
pluraUty of first stations can transmit data frames after said wireless chamiel is determined to 
25 be available. QoS CF-Poll frame duration represents the duration of a QoS CF-Poll frame 
used to instruct said AP (2) to inhibit transmission from said plurality of first stations, and 
represents the duration of a Short Interframe Space interval. 

12 The method of claim 10, wherein, ifsaid wireless channel is unavailable, 

30 pemiitting said plurality of second stations to transmit a data packet to said AP (2) over said 
wireless channel immediately when said wireless chamiel becomes available. 

13 The method of claim 10, wherein, ifsaid predetermined time interval specified 
in said control frame is less than said interval of time before the scheduled start of said next 
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frame, transmitting, by said AP (2), a data packet to said plurality of first and second stations 
over said wireless channel, said data packet including a shorter duration than said 
predetermined time period specified in said control signal. 

14. The method of claim 10, wherein, if said predetermined time interval specified 
in said control frame is less than said interval of time before the scheduled start of said next 
frame, permitting said plurality of first stations to transmit a data packet to said AP (2) over 
said wireless channel, said data packet including a shorter duration than said predetermined 
time period specified in said control signal. 

15. The method of claim 9, wherein, if said wireless channel is available during 
said CFP mode, the method further comprises the steps of: 

transmitting, from said AP (2) to said plurality of first and second stations, a 
high priority signal indicative of a duration that said plurality of first and second stations is 
allowed to occupy said wireless channel; and, 

permitting said plurality of second stations to transmit a data packet to said AP 
(2) over said wireless chaimel, said data packet including a shorter duration than said 
predetermined time period specified in said control signal. 

1 6. The method of claim 9, wherein said plurality of first stations includes 802. 1 1 
compliant systems. 

1 7. The method of claim 9, wherein said plurality of first stations can transmit 
data frames without permission from said AP (2) and said plurality of second stations can 
transmit data frames when permitted by said AP (2). 

1 8. The method of claim 1 0, wherein said plurality of second stations includes 
HIPERLAN/2 compUant systems. 

1 9. A system local area network station for receiving and transmitting data over a 
wireless chaimel between a plurality of first stations and a plurality of second stations in a 
wireless local area network (WLAN) having an access point (AP) (2), comprising: 

a receiver means for receiving data on said wireless channel; 
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a CCHC circuit (20) configured to aUocate a predetermined time interval for 
each of said first and second stations to initiate data transmission onto said wireless chamiel; 
and, 

a signal processing circuit (14) coupled to said CCHC (20) to transmit and 
receive signals to and from said plurality of first and second stations, said signal processing 
circuit (14) processes signals received therein to permit said plurality of second stations to 
transmit a data packet to said AP (2) over said wireless channel, said data packet includmg a 
shorter duration than said predetermined time period specified in said control signal. 

20. The system of claim 19, fiirther comprising a transmitter means (16) for 

transmitting data on said wireless channel. 

21 The system of claim 19, wherein said CCHC (20) fiirther operates to inhibit 
transmission from said plurality of first and said second stations when permitting said 
plurality of second stations to transmit a data packet. 

22 The system of claim 19, wherein said CCHC (20) fiirther operates to control 
said wireless chamiel within a specified range of time [t,, t^] to permit said pluraUty of 
second stations to transmit a data packet. 

23. The system of claim 22, wherein said time range [t,, tz] is determined 

according to the following equation: 

[ti, t2] = [-1 * (TXOP_Limit + QoS CF-Poll frame duration + SIFS). 
-1 * QoS CF-Poll frame duration + SIFS), 

wherein TXOP_LimU represents said predetermined time period that said 
pluraUty of first stations can transmit data frames after said wireless chamiel is determined to 
be available . QoS CF-Poll frame duration represents the duration of a QoS CF-Poll frame 
used to instmct said AP to inhibit transmission from said plurality of first stations, and SIFS 
represents the duration of a Short Interfirame Space interval. 

24 The system of claim 19, wherein said CCHC (20) fiirther operates to transmit 

a data packet to said plurality of first and second stations over said wireless chamiel if said 
predetemiined time interval is less than the time left before a scheduled start of a next frame 
by said pluraUty of second stations. 
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25. The system of claim 1 9, wherein said CCHC (20) further operates to permit 
transmission of said plurality of first second stations to transmit a data packet having a 
shorter duration than said predetermined time interval over said vsdreless channel if said 
predetermined time interval is less than the time left before a scheduled start of a next frame 
by said plurality of second stations. 

26. The system of claim 1 9, wherein said plurality of first stations includes 802. 1 1 
compliant systems. 

27. The method of claim 19, wherein said plurality of second stations includes 
HIPERLAN/2 compliant systems. 
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